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PUPILLARY MOVEMENTS DURING SHADOWING 
By 
NORIAKI S H I G A ($jt1;-OO) and YUKIO 0 H K U B 0 (*7-. *:¥~) 
(Iwate Medical College, Morioka) 
The effect of cognitive load on the pupillary movements was studied using the 
double task method. 
One was the main task of shadowing and the other was to press the key at the 
reception of the tonal stimuli. 
The pupil showed enlargement according to the mental effort which the main 
task required. Reaction time to the tonal stimuli increased as the pupil dilated. 
But the amplitude of the peak pupillary dilation to the tone decreased as the sha-
dowing load increased. This indicates that it can be a measure of spare capacity. 
INTRODUCTION 
Since Hess and Polt (1964) had observed the pupillary dilation accompanied with 
the mental arithmetic, a lot of experiments were performed to ascertain the relation-
ship between pupillary diameter and various mental activities including mental arith-
metic. 
These experiments showed that the pupil dilation was caused by problem solving 
(Bradshow, 1967, 1968 a, b, c; Schafer et aI., 1968; Payne et aI., 1968), imagery task 
(Simpson, 1966, 1968; Paivio, 1966, 1968), decision making (Simpson, 1969), and 
information processing (Poock, 1973, 1975). 
Further Kahneman et al. (1968) reported that the grouping in short term memory 
task produced cyclic change of pupil diameter. 
In one of their studies, Kahneman and his colleagues imposed of Ss the digit 
transformation and recall task during which the visual detection task was also presented. 
They found that the pupil dilated as the digit transformation task progressed and 
it became largest just before the recall began. On the other hand, visual detection errors 
increased, according as the pupil dilated (Kahneman et aI., 1967). 
From these results, they concluded that the change of the pupil diameter is due 
to the change of mental effort which the S allocates in order to correspond to the 
task demands. They suggested that the spare capacity, which is represented by the 
change of visual detection ability, decreases according as the mental effort allocated to 
the main transformation task increases. 
The purpose of the present experiment was to examine the relation between the 
pupil diameter and mental effort. The S was given double tasks: one was the 
main task of shadowing the auditory messages and the other was to give the motor 
response to the tone signal which was inserted during shadowing. 
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If the change of the pupil diameter is accompanied with the change of mental 
effort, the load during shadowing should have effects upon the pupil diameter. 
1) The load of the shadowing will increase in the following order. A) When the 
shadowing stops at the pause of auditory message. B) When the shadowing continues 
fluently. C) When the S fails to shadow and feels himself confused. 
2) If the mental effort changes with the load of the main task, the spare 
capacity which is allocated to the other task will also change. The reaction time and 
the peak pupillary dilation to the tonal stimuli were recorded in order to test the 
relationship between them. 
METHOD 
Subjects: The Ss were nine student volunteers, two of whom were females. 
Stimuli: Two kinds of auditory stimuli were used. One of them was used for the 
shadowing and the other was for the signal of the motor response. The stimuli for 
shadowing were a part of a scientific-fictional novel, which was read aloud at a speed of 
about 250 letters a minute and tape-recorded. This was given through a loud speaker 
set at about 30 cm right of the S. The other auditory stimulus was a 1000 Hz, 0.2 sec. 
duration pure tone, whose intensity was about 3 watt at the speaker level, and was 
presented through a speaker set 1 meter behind the S. 
Apparatus: TKK multi unit system and photic-sonic stimulator (Nihon Kohden) 
were used to produce and control the pure tones. The change of the pupillary diameter 
was measured using the autonomic-infrared scanning device (TKK), and was amplified 
and recorded magnetically (Nihon Kohden, ME132B, RMG5204). The peak pupillary 
dilations to the tones were averaged with an averaging data processor ATAC201 (Nihon 
Kohden). 
Procedure: The experiment was carried out under the luminance of 320 lx. The 
S's head was held in position with the aid of head-chin rest. The range of S's vision 
except for the part of a lens of T.V. monitor camera was covered with white paper in 
order to reduce the contrast effect. 
The S's gaze and accomodation were fixed by requesting the S to focus his vision 
on a pin hole on the white paper, behind which a dim red light was positioned. This 
was viewed with both eyes. The distance between this fixation point and the eyes was 
about 20 cm. The S's left eye was always monitored to pick up its pupillary changes. 
The instruction was as follows: "Shadow the tape-recorded material and if you 
hear the tonal stimuli during shadowing, press the key as soon as possible. Do not stop 
shadowing when you press it and pay attention not to close or move your eyes." 
The 1000 Hz pure tone which required motor response was presented on the 
following three phases of shadowing: 
1) Pause condition (P), which lasts for about two or 3 seconds from the end of the 
sentence to the start point of the following sentence. The S stops shadowing and the 
load of the shadowing is slightest. 
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2) Normal condition (N), where the 8 performs shadowing fluently without 
mIsses. The shadowing load is intermediate. 
3) Miss condition (M), where the 8 fails to shadow and falters. Skips were not 
counted as misses. The shadowing load is heaviest. 
The experimenter always listened to the 8's shadowing through a headphone and 
made distinctions among them. 
Moreover, the control condition was added to these three conditions in which the 
shadowing task was not given. This control condition consisted of two sub-conditions, 
01 and C2. In 01, 8 had to press the key at the presentation of the tonal stimuli, while 
in C2 he didn't have to press it but only to receive the tone passively. 
The pupil baseline diameter at the presentation of the tonal stimuli, the peak 
pupillary dilation due to the tone and the RT to the tone were recorded under all 
above conditions but C2, in which motor response was not required. 
The experiment lasted for about an hour. Fourteen or 15 responses were 
obtained for each of condition C, P, N, and about ten responses for M in each 8. The 
responses which seemed to contain the noise components (eg. eye or eye-lid movements) 
were excluded from calculating. 
RESULTS 
A) The change of the pupil baseline diameter 
The superimposed patterns of pupillary movements around the auditory stimuli of 
one 8's are depicted in Fig. 1. For the condition P, it is clearly seen that the pupil is 
constricted before the presentation of the auditory stimuli and it redilates after the 
auditory stimulation. For Nand M, these bottom curves are not observed but the 
pupil shows an inclination to dilate continuously. These results were observed in all 
other eight 8s. 
Fig. 2. represents the pupil baseline diameter at the presentation of tonal stimuli 
under each of the four conditions. The diameter of the pupil is smallest for C in which 
no shadowing effort was required (4.43 mm.). The diameter is 5.13 mm., 5.50 mm., 
and 5.67 mm. for P, N, and M respectively. The differences among them are all 
significant but between Nand M (C<P, p<0.05; P<N, p<0.05; P<M, p<O.Ol). 
Inspection of the individual data suggests that nonsignificance between Nand M is due 
to the constriction of the pupil which some 8s showed in M. 
Although the diameter of the pupil was a little smaller at the condition C (4.43 mm.), 
it seems to have been adequate under the bright illumination of 320 Ix. 
B) The change of the reaction time 
Fig. 3. shows the reaction time to the tonal stimuli. Like the pupil baseline 
diameter, RT increases in the order of C, P, Nand M. The averaged RT is 352.2 msec., 
471.6 msec., 509.3 msec., and 557.5 msec. for C, P, N, and M, respectively. There are 
significant differences among them (C<P, p<O.OI; P<N, p<0.005; N <M, p<O.Ol). 
The largest difference is observed between Cl and P. 
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Fig. 1. The superimposed patterns of pupillary 
movements around the auditory (tonal) sti-
muli of one subject. The bottom curve pattern 
is clearly seen in P but not in Nand M. 
Fig. 2. The pupil baseline diameter at the pre-
sentation of tonal stimuli under each of four 
conditions. 
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The change of the pupil baseline diameter according to the change of the shadow-
ing load is slow and large, but the peak pupillary dilation due to the tonal stimuli is 
not so large and lasts only for a short time. 
In order to measure this small change in pupil diameter, the averaging technique 
was used. But in this experiment, this averaging technique was applied not to the 
individual data but to the data combined togethr within each condition. The purpose 
of this is to compensate for the insufficient numbers of individual responses, which was 
due to the rejection of noise-affected responses. 
These peak pupillary dilations reached their peaks about 1.6 second after the 
presentation of the tonal stimuli (See Fig. 4.). The amplitude of the peak dilation for 
five conditions is plotted in Fig. 5. 
The control condition 01, which required the motor response showed the largest 
amplitude 0.58 mm., while 02 which did not require motor response produced the 
smallest one, 0.04 mm. (01)02, p>0.05). The amplitude for each remaining condi-
tion was 0.52 mm. at P, 0.24 mm. at N, and 0.41 mm. at M. Significant differences 
are found between 01 and N (01)N, p<0.05), P and N (P>N, p<0.05). 
If the pupil baseline diameter is added to the peak amplitudes of corresponding 
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Fig. 4. The patterns of peak pupillary dilations 
under each of three conditions. It is seen that 
these peak dilations reach their peaks about 1.6 
seconds after the presentation of tonal stimuli. 
Fig. 3. The reaction time to the tonal stimuli under 
each of four conditions. 
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Fig. 5. The amplitude of peak pupillary dilation for five conditions. 
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conditions, the differences among conditions, which were clear in result A), disappear. 
DISCUSSION 
A) The load of shadowing and the change of pupil diameter 
In the shadowing activity, three circuits are involved, that is, to reCeIve the 
information, to keep it for a short time, and to express it. These systems are 
considered to be functioning smoothly in condition N, to cease to function in P, and to 
meet with some troubles in M. In M situation, 1) the function of mending the whole 
system may operate or 2) the organism tries to avoid the situation by cutting off the 
disfunctioning parts. Thus it can be supposed that the shadowing load is lightest in the 
condition P, intermediate in N and heaviest in M only when the S tries to mend the 
system. In the condition M2, the load may be light, but in this experiment, M means 
the Ml. 
Results showed that the pupillary diameter was significantly larger in N than in 
P, almost equal in Nand M, and smallest in C (4.43 mm.), where the shadowing task 
was not loaded. The difference between C and P is 0.7 mm. and this is larger than any 
other disparity seen among other conditions. As a whole, these results confirm that the 
shadowing task worked as a load, and that the pupil changed its diameter coinciding 
with the degree of the mental effort which was allocated to the shadowing. 
In the condition P, it is clear that the pupil is constricted before the auditory 
stimuli but it redilates after the presentation of it. Similar results were observed by 
Johnson et al. (1971), and Kahneman et al. (1968) in their short term memory experi-
ments. These changes indicate that the mental effort allocated for shadowing decreased 
rapidly with the temporal completion of the task but the load was increased again by 
the presentation of the tonal stimuli which requires motor response. This phenome-
non is hardly seen in the other conditions Nand M, in which the shadowing load 
continued at the presentation of the tonal stimuli. 
There are no significant differences between the pupil baseline diameter of Nand 
that of M. This is due to the constriction of the pupil which was seen in some Ss at 
M. In general, it is true that the constriction often resulted from the decrease of the 
load, but in the present case it is reasonable to interprete the constriction as a reflection of 
the overflow of the load. Poock (1973, 1975) observed the rapid constriction of the 
pupil when he presented the stimulus at rate above S's maximal capacity. Peavler et 
al. (1974) also found that the leveling of the pupillary movement occurred at the 
information overload. From these findings, it can safely be said that an attempt to 
compensate for the failures of shadowing required so much effort, that the shadowing 
load was raised relatively beyond S's capacity, resulting in the constriction of 
the pupillary diameter. 
B) The changes of the reaction time and pupillary diameter 
As shown in Fig. 3., the RT increased in the order of C, P, Nand M. The 
more effort the shadowing requires, the more RT increases. This result is consistent 
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with the theory of Kahneman (1972) that the spare capacity decreases according as 
the effort invested in the primary task increases: attention is withdrawn from the 
perceptual monitoring and concentrated on the main task. 
As mentioned above, there was no significant difference between the pupil 
basaline diameter of the condition N and that of M. But the longest RT obtained in M 
suggests that the shadowing load was heaviest in the M condition. This result corres-
ponds to the previous observation that the leveling of the pupillary change occurs at 
the overload of information. Kahneman (1967) emphasizes only the aspect of perceptual 
deficits in his double task experiment, but the increased RT of our experiment may be 
due to both perceptual and motor deficits. 
0) The change of peak pupillary dilation 
Although it has been known that the pupillary dilation as an orienting reflex IS 
caused by acoustic stimuli (Lowenstein et al., 1950), it was Olynes (1962) who used the 
averaging technique to investigate the pupil reflex to the auditory stimuli for the first 
time. He found that the dilation response reaches its peak in about 1.5 second, and the 
amplitude of it is about 0.5 mm. In the present experiment, too, the peak pupillary 
dilation is observed to reach its peak in about 1.6 sec. (Fig. 4.) These findings suggest 
that the auditory pupil reflex does not change its pattern whether or not the motor 
response was required. 
In addition to this peak, another small peak is noticed about 1.0 second after the 
presentation of the stimulus. However this may not be due to the motor response but 
to the intensity of the illumination. The detailed examination about it is reported in 
another paper. 
The amplitude of the 1.6 sec. peak is 0.52 mm at P and 0.24 mm at N. There is 
a significant difference between them (P>N, p<0.05). 01, in which the motor response 
was required to the tone without shadowing task, established the largest amplitude of 
the dilation of 0.58 mm (Ol>N, p<0.05). These results indicate that even if the same 
motor response is required to the tonal stimuli, there are significant differences among 
the amplitudes of peak pupillary dilations according to the degree of the shadowing 
load. 
As stated above, the RT to the tonal stimuli increased in the order of 0, P, Nand M, 
while the amplitude of the peak pupillary dilation decreased in almost the same order. 
That is, the shorter the RT to the tonal stimuli, the larger the peak dilation. This 
is coincident with the results of Bradshow (1968 b) who explained the peakpupillary 
dialtion in relation to S's response readiness. 
The change of the amplitude can also be explained in terms of the salience of the 
stimulus (Friedman et al., 1973). Friedman et al. reported that the salience of the 
stimulus increases the amplitude of the peak pupillary dilation. The result that the 
amplitude became smaller in the order of 0, P, and N confirms their results, for the 
salience of the tonal stimuli in the present experiment is reasonably expected to decrease 
in the same order. However, relatively larger amplitude observed in condition M is not 
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predicted in view of the supposedly least salient stimulus, suggesting the effects of some 
other factors. 
In summary, our results are most compatible with Kahneman's notion of spare 
capacity. The mental effort which was allocated to the shadowing dilated the pupil 
baseline diameter in the order of C, P, Nand M, while attention to the tonal stimuli was 
withdrawn in this order, increasing the RT to the tones. In parallel with this, the 
amplitude of peak pupillary dilation decreased, that is, the more the main task required 
the mental effort, the smaller became the amplitude of the peak pupillary dilation. 
From these results, it is concluded that the peak pupillary dilation is one of the indices 
of spare capacity. 
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